Objectives: To evaluate characteristics of pregnant women served through the University of North Carolina's (UNC) prenatal oral health program (pOHP) dental clinic and community healthcare pathways to inform efforts in promoting prenatal oral health policies. Methods: The pOHP provides medical and dental students and practitioners with interprofessional experiences caring for pregnant women. A retrospective chart audit captured 314 pregnant women who made appointments over 33 months. Descriptive statistics and bivariate comparisons were computed to assess factors associated with dental appointment attendance and treatment completion.
Introduction
Pregnancy, the beginning of the life course, presents an opportunity to favorably shift trajectories of health for both a woman and her unborn child. Oral health is no exception, yet over half of pregnant women, many of whom report known dental problems, do not receive dental care during pregnancy (1) (2) (3) (4) . Multiple factors contribute to this discord; including lack of prenatal oral health training among prenatal providers to assess and refer pregnant patients to a dental home, sub-optimal receptivity of the dental workforce to treating them, and barriers to accessing care coupled with the lack of oral health knowledge among pregnant women (4, 5) . Obstetricians have found that untreated infection and inflammation in the oral cavity may lead to systemic involvement and heighten the risk of adverse pregnancy outcomes (6) (7) (8) . Recent discovery of oral microbiome in the placenta further supports this theory (9) . Thus, postponing necessary dental treatment during pregnancy may jeopardize the health of the mother and her unborn child (10) . Risks are further complicated by an unequal distribution of dental disease burden among pregnant women of lower socioeconomic status and younger age who may also face greater barriers to accessing care, calling for strategies to promote prenatal oral health (11) .
Multiple prenatal oral health guidelines have emerged in the past decade echoing the safety and importance of oral health during pregnancy. Most notable is the joint American College of Obstetrics and Gynecology and the American Dental Association national consensus statement, outlining evidence-based practices for dental care during pregnancy that emphasize its safety during all trimesters and a shared responsibility of prenatal providers and dentists to address prenatal oral health (12) . By addressing prenatal oral health, there is inherent upstream prevention of dental caries, which remains the most common chronic disease of childhood. Maternal oral status has been shown to be predictive of a child's, with two population-based studies showing that mothers with untreated caries have children two to three times as likely to have caries in comparison to mothers without caries (13, 14) . Programs providing early childhood oral health guidance to expectant mothers have been shown to be an effective strategy for preventing ECC (13, (15) (16) (17) . Women have greater receptivity to health information during pregnancy, therefore, it is a prime opportunity for maternal and infant oral health messaging by healthcare professionals during this period (18) (19) (20) .
The Prenatal Oral Health Program (pOHP)© model for care, developed in 2012 at the University of North Carolina (UNC) School of Dentistry (SOD), aims to: (a) meet oral health education and treatment needs of pregnant women who may face financial barriers to care, (b) introduce evidence-based prenatal oral health education to healthcare students and professionals (medical and dental), and (c) adhere to Commission on Dental Accreditation (CODA) standards emphasizing the importance of interprofessional education and care (21, 22) . The establishment of a pOHP dental clinic at the UNC SOD arose out of the realized need for a referral site to serve UNC OB-GYN patients without a dental home and a prenatal clinical training experience for third and fourth year dental students. UNC medical students and UNC OB-GYN residents receive training on addressing prenatal oral health in accordance with the national consensus statement's directive, which is for prenatal care providers to screen, counsel, and refer pregnant women in need of a dental home. Following the pOHP dental clinic's fourth year, there was a need to better understand the population it served to improve sustainability and efficacy for this model of care. The purpose of this study is to retrospectively evaluate the characteristics of the pregnant women served through pOHP and their pathways of care upon entering the UNC dental care system. Identifying factors that influence access and establishment of comprehensive dental care in this program could inform efforts promoting oral health care for pregnant women.
Methods
This retrospective investigation included pregnant women entering the UNC SOD system through pOHP from August 2012 to April 2015. Institutional Review Board (IRB) approval was acquired through the UNC-Chapel Hill Office of Human Research Ethics (#15-0254). Prenatal provider pOHP referral records were obtained from a secure network server at the UNC SOD and contained limited information (name, age, contact number, and address, estimated due date). A retrospective chart audit of 314 appointed pOHP patients in the study population (August 2012 to April 2015) took place in the 2015-2016 academic year. Patient demographics, appointment records, planned treatment, treatment rendered, clinic area utilization, payment records, and involved student providers were procured from the UNC SOD Electronic Patient Record (EPR). Compiled data were exported to spreadsheet format and all protected health information was de-identified.
During the study period, multiple factors were implemented to facilitate appointment scheduling and treatment. The SOD charged pOHP patients a reduced rate for a new patient appointment to reduce financial barriers. Creative scheduling, including double booking, and the presence of a dedicated, bilingual, case manager to assist in patient care coordination within the SOD to help address challenges for the study population.
Demographic variables included maternal age, gestational age, weeks to estimated date of delivery (EDD), zip code of residence, and Medicaid status (Medicaid enrollee or "other," encompassing women who paid out of pocket). The North Carolina Medicaid dental program provides coverage for enrolled pregnant women up until the time of delivery. Explanatory variables included prenatal clinic referral source, number of appointments, appointment attendance, financial lock status, and dismissal. Positive financial lock status was a patient carrying an unpaid account balance, and included those patients having a preexisting financial lock prior to pOHP eligibility, in which they were allowed to make a pOHP appointment with the understanding that account balance must be paid upon patient arrival. Positive dismissal denotes that a patient was dismissed as patient of record for a variety of reasons including financial lock, multiple broken appointments, etc., and included those patients with dismissal history prior to pOHP eligibility, in which they were allowed to make a pOHP appointment under similar circumstances as the former. The outcome measures of interest were appointment attendance (none versus at least one) and completion of treatment (no versus yes).
Descriptive statistics including simple proportions and means were presented in tabular and graphical format and used for data exploration. Chi-square and unpaired t-tests were used to assess bivariate associations for categorical and continuous variables with the outcomes of interest, respectively. All statistical analyses were carried out using SAS/STAT ® software v9.3 (SAS Institute, Cary, NC) with statistical significance at P value <0.05.
Results
Over the study period, 564 pregnant women residing in 18 North Carolina counties (the majority in central NC) were referred to UNC SOD from 21 prenatal clinics through pOHP. Of those, 314 (56%) were successfully contacted and appointed as pOHP patients during the study period ( Table 1 ). The 250 women not appointed were unreachable. UNC SOD attempted to contact all referred women to schedule an appointment, with at least monthly follow-up attempts until their estimated due date. Roughly two-thirds of the women were referred locally from UNC Obstetrics and Gynecology (OB-GYN) and one-fifth by a health department within a 30-mile radius. Nineteen other clinics referred the remaining one-fifth. At the time of referral, women's mean age was 29 years and average gestational age was approaching the end of the second trimester at 25 weeks gestation. The women appointed were a mean of 14 weeks to EDD. One quarter were identified as Medicaid enrollees, with the remainder having unknown insurance coverage, either self-pay or private dental insurance. Nine percent carried a prolonged account balance at the SOD, which resulted in a financial lock to prevent them from scheduling another appointment, and a similar proportion (8%) were dismissed as patients from the school for a variety of reasons, most frequently multiple (three or greater) consecutive broken appointments. Out of 314 patients who made appointments, 172 (55%) attended at least one scheduled appointment. Table 2 describes the 172 pregnant women who received care at the SOD with details of their clinical presentation and experiences. The majority (87%) presented with dental treatment and routine dental preventive care needs. Those who only needed preventive services and simple restorative procedures (13%), including fluoride varnish, prophylaxis, oral hygiene instruction, sealants, and preventive resin restorations, had their dental needs usually met with one appointment, and therefore completed treatment prior to delivery. In addition to the pOHP clinic, several SOD clinical areas facilitated care to pregnant women: urgent care, oral surgery, endodontic, and general dentistry clinics. The majority of patients received oral radiographic exams and preventive services. Patients presenting with pain and advanced disease required oral surgery (21%) and/or endodontic procedures (10%). Twelve percent of patients had amalgam or composite restorations, with a similar amount (10%) requiring periodontal procedures, typically quadrants of scaling and root planing.
Patients attending an appointment at the SOD varied by gestational age, residential distance from the school, and dental treatment received. Table 3 shows a descriptive distribution of patients according to number of total appointments they attended. Number of total attended appointments did not vary much by residential distance from the SOD, suggesting that this factor may not be a substantial influence on overall attendance. Patients attending only one appointment received mostly preventive treatment, with a selective few able to have complex needs addressed, likely at the expense of the former. Patients attending more than one appointment were able to receive both preventive and more complex treatment services over the course of their pregnancy.
The bivariate analyses examined factors associated with patients attending any appointment in comparison to patients who did not (Table 4) . Of note, a significantly higher proportion of patients referred from outside the UNC system attended appointments compared to those referred from UNC OB-GYN clinic (P = 0.017). Having Medicaid insurance (P = 0.001), not having a dismissal (P = 0.002) or a financial lock status (P = 0.002) was significantly associated with appointment attendance. Interestingly, higher percentages of women who were in positive financial lock and/or dismissal attended at least one appointment compared to those who did not attend an appointment. A higher percentage of women who were Medicaid enrollees attended at least one appointment than those who were self-pay or uninsured. Appointment attendance was not significantly associated with residential distance to UNC SOD (P = 0.52), and the differences in mean maternal age (P= 0.06), weeks to EDD (P = 0.39), or gestational age (P = 0.710) at time of referral were not statistically significant.
Comparisons of factors influencing whether pregnant women completed indicated treatment (N = 172) are shown in Table 5 . Less than half, 42%, of the patients who attended any appointment completed treatment prior to delivery. The referral source was not significantly associated with completion of treatment, however, residential distance was; a smaller percentage of patients residing a moderate distance from UNC SOD, between 15-30 miles, completed treatment compared to those who resided less than 15 miles and greater than 30 miles (P = 0.02). Dismissal was significantly associated with failure to complete treatment (P = 0.02). Financial lock status and Medicaid status had no significant association with whether or not treatment was completed. As with attendance, the differences in mean maternal age (P = 0.91), weeks to EDD (P = 0.17), and gestational age (P = 0.45) were not significantly different for those who completed treatment and those who did not.
Discussion
When considering strategies to promote prenatal oral health programs, we must evaluate approaches that secure their sustainability. These results demonstrate that an academic setting can provide a safety-net for pregnant women in conjunction with coordinated systems between the medical and dental homes, as a result of interprofessional training and collaborative practice. The broad geographical reach of women served with this program, while remarkable, sheds light on the great need for dental homes to provide comprehensive care to pregnant women.
Less than half (42%) of the 172 pregnant women who attended an appointment completed their dental treatment needs during pregnancy. Broadly, considering that 314 pregnant women were originally scheduled for an appointment, around three-quarters (77%) of them (in addition to 250 of 564 referred pregnant women who were unreachable) either delivered prior to complete dental treatment needs at UNC, sought comprehensive care elsewhere, or failed to obtain dental care during pregnancy. There were many barriers to overcome. Many women presented with advanced disease Translating prenatal oral health clinical standards into dental education M. Gentry Byrd et al.
requiring multiple appointments, compounded by the late gestational age at time of referral (late second trimester), allowing for 14 weeks to complete treatment, on average. Anecdotally, broken appointments further compromised clinic availability and complicated expediting care for this population. Financial barriers were evident; several patients were patients of record at the SOD prior to being appointed as pOHP patients. According to results, several had (preexisting) financial lock and dismissals on their record and were appointed on conditions of resolving account balances; several still did not attend a pOHP appointment. Developing a dental workforce that is, competent and comfortable in caring for pregnant women while training medical students and residents to understand their role in addressing prenatal oral health and facilitating referrals to dental homes has been at the core of UNC's pOHP model. Providing clinical opportunities in treating pregnant patients with diverse treatment needs during training is an important step in increasing the number of dental providers receptive to treating pregnant women. Over the study period, pregnant women mainly received treatment from third and fourth year dental students who were supervised by general dentistry faculty. One barrier many dental schools report facing in regards to prenatal oral health education is the lack of a prenatal patient population, which pOHP addresses (23) . This model of care champions the principle of interprofessional collaboration between medical and dental providers in adhering to national consensus statement guidelines, with concurrent training of the upcoming generation of providers. 0  0  7  20  13  45  No  108  100  28  80  16  55  Fixed prosthodontics  Yes  0  0  0  0  2  7  No  108  100  35  100  27  93  Endodontic  Yes  3  3  7  20  7  24  No  105  97  28  80  22  76  Periodontal  Yes  5  5  4  11  9  31  No  103  95  31  89  20  69  Oral surgery  Yes  6  6  14  40  16  55  No  102  94  21  60  13  45 * Sample size may not add up to total due to missing values.
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Translating prenatal oral health clinical standards into dental education To achieve optimal health outcomes, pregnant women need to enter the dental care system early in the prenatal process, ideally having established a dental home prior to conceiving. Within the constraints of current policy and systems, treatment completion will continue to be limited for women with increased risk if they first present late in the second trimester, as shown by our results. Improved dialogue and coordination between community prenatal providers and dentists may facilitate earlier referral and help pregnant women maximize opportunities to establish a dental home. The pOHP website is a resource for establishing such relationships in addition to offering both training and patient education tools (22) . It is important to recognize that at-risk women may be less likely to establish medical prenatal care early in their pregnancy, much less dental care. According to the Department of Health and Human Services, roughly one-half of uninsured and twothirds of Medicaid insured pregnant women access prenatal care during the first trimester (24) . Bidirectional referrals between medical and dental providers are needed to promote overall health of pregnant women.
In addition to the observed trend of late entry into the dental care system, dental insurance or coverage status was shown to influence access to care for this population. Cost is one of the major reasons cited for reduced likelihood of accessing care during pregnancy (2) . In this study, Medicaid status was significantly associated with appointment attendance in a positive manner in comparison to women without Medicaid coverage, with 70% of Medicaid-covered women attending an appointment. At the time of the study, undocumented women in NC could obtain presumptive Medicaid coverage starting at 20 weeks gestation; however, this was restricted to medical prenatal services, not including dental. Anecdotally, the authors acknowledge that the latter group likely made up a large portion of the study population.
Improved coverage during pregnancy may improve opportunities for receiving dental treatment for some women; however, states are not required to cover dental services under Medicaid (25) . During the study period, NC Medicaid covered dental services until time of delivery; in other states, like Virginia, Medicaid coverage extends to 2 months post-delivery. For many women, pursuing dental treatment immediately post-delivery presents challenges including acclimating to caring for their baby, breastfeeding, and healing from delivery. A broader time period of coverage up to 3 years postpartum could aid in a woman's ability to achieve comprehensive medical and dental care for her and her child. One study found that mothers of children ages 3 to 6 years with routine source of dental care rate their children's dental health higher than those mothers without a dental home (26) . With almost half of births in the United States covered by Medicaid, the potential of long-term societal gains from increased early investment in the prenatal developmental period may be considered by policymakers on the state and national levels, especially when developing maternal and early child oral health strategies (27) . Many of the study participants faced a limited timeframe to address years of dental neglect. Some pregnant women presented with advanced disease and significant pain. As healthcare reform may drive a shift to value-based reimbursement, it necessitates a promotion of upstream intervention strategies focusing on the health of women and children, starting at the beginning of life course for the baby. The pOHP is an example of a model of care that espouses this concept of valuing health through interprofessional collaborative practice. Medical students and residents at UNC OB-GYN, as well as UNC dental students received pOHP© training in accordance with the national consensus statement's best practices to address the oral health needs of pregnant women through collaborative systems (12, 21, 22) . Future insurance reimbursement restructuring and CODA accreditation interprofessional education requirements will help foster this shift in treatment goals, where the overarching measure of success is health status, not disease treatment.
The results are considered within the context of study limitations. First are those inherent in retrospective data collection in the form of chart auditing, whereby inconsistencies and incomplete entries result in missing data, and weaken validity of results. There were limited demographics captured by the EPR system, reducing the amount of information that could enhance our understanding about this population of women [i.e., education level, race/ ethnicity, language preference, income (except related to Medicaid enrollment), citizenship, employment, parity, and transportation were not available]. Of the demographic information available, most was recorded at the time of scheduling the first appointment; therefore, we were unable to describe the subset of pregnant women who were referred, unreachable, and not appointed. This information would further aid in elucidating barriers and developing sustainable programs. These sentiments expose a greater weakness in a healthcare system that functions without a true centralized healthcare record. A major strength of this study is its novelty in demonstrating the merits of an ongoing successful interprofessional program providing access to dental care for an underserved population. Furthermore, it demonstrates that adoption of current prenatal oral health standards among practicing health professionals. Highlighting challenges and barriers will inform sustainability initiatives for clinics promoting prenatal oral health around the country.
In bridging the interface of medicine and dentistry in an oral health program for pregnant women, pOHP aims to shift the oral health trajectories for pregnant women and their children during this key life course stage. Results show that UNC, SOD has provided a safety-net of care for pregnant women in NC and facilitated training opportunities for dental students in the area of prenatal oral health. While women are accessing dental care via a unique pathway they may not have otherwise, they are doing so late in their second trimester, limiting their ability to achieve comprehensive care. This study provides evidence regarding the postulated need for increasing access to care for women during pregnancy. Influencing positive oral health outcomes in mothers and their children requires a focus on interprofessional care, training and advocacy at both the state and national levels to maximize coverage and promote utilization of services for pregnant women.
